This paper examines the relationship between trade (exports), growth, and inequality, using a panel of 100 countries over 30 years (1980 to 2010). As there is no clear theoretical relationship between trade (exports) and inequality, and as inequality can be considered a proxy for 'governance quality', the paper also tests for a threshold in inequality for the effect of trade (exports) on growth. The findings are that in general trade openness advances growth while inequality reduces growth. However, when we identify an inequality threshold, we find that inequality is positively associated with growth if below the threshold (low inequality) but negative above the threshold, whereas trade has a positive impact once the threshold is allowed for. Thus, trade generally promotes growth and relatively high inequality retards growth.
Introduction
Income inequality is defining challenge of our time. President Barack Obama speaks in Washington D.D. on 4 December 2013 about the need to address income disparity.
Not just in the advanced economies in the North and West, which were thought to have reached levels of prosperity where inequality would level off in line with the prediction of Kuznets' (1955) hypothesis, rising income inequality is also experienced across and within most of emerging and developing countries in Eastern Europe, Asia, Latin America, and Africa. Despite differences across countries, much of the increase in inequality has happened at the upper end of the income distribution. Atkinson et al.'s (2011) data show a big increase in the top 1 per cent income share in countries like the United States (USA), United Kingdom (UK), and Canada, hence the 'we are the 99 per cent' slogans of the Occupy Wall Street movement. In the USA for example, over the past four decades, the Gini coefficient has risen from around 30 per cent to around 40 per cent, and the income share of the top 10 per cent increased from around 33 per cent to 50 per cent in the same period. The same is the case when looking at the developing world. China has experienced a sharp rise in income inequality, where from 1981 to 2010 the Gini coefficient has increased from 24 to 40 per cent and the income share of the top 10 per cent has increased from 17 to 28 per cent between 1986 and 2003. However, it is also important to note that income inequality has remained stable in other countries, and still fallen appreciably in others. Atkinson et al. (2011) and the Luxembourg Income Study's (LIS) data (2014) show that income inequality has been stable or even declining slightly since the mid-twentieth century in countries such as Australia, France, Norway, and Switzerland; while according to the World PovCal database it has changed little and even declined in some emerging and developing countries.
Rising income inequality across and within countries over the past two decades poses one of the greatest challenges to economic policy makers in both developed and developing countries. Concerns about rising income inequality are at the forefront of many policy debates today and is on top of the policy agenda in every corner of the world. The International Monetary Fund (IMF) is today embracing redistribution policies as pro-growth, arguing that rising income inequality is damaging to economic growth (Ostry et al. 2014) . The World Bank has recently made a major public commitment to the goal of promoting 'shared prosperity', defined as growth in average incomes of those in the bottom 40 per cent of the income distribution in each country in the developing world (Dollar et al. 2014) . Even the Head of the Catholic Church is concerned about the growing economic inequality, denouncing 'trickle-down' economic theories in sharp criticism of rising income inequality. Beyond policy elites, recent public opinion surveys suggest that majorities of respondents in advanced, emerging, and developing economies feel that the gap between the rich and the poor has worsened in recent years. The recent Pew survey (Pew Research Center 2013) reveals that over 80 per cent of respondents in advanced economies say things have gone worse, compared with 70 per cent in the developing economies and 59 per cent in the emerging markets.
In spite of the positive effects inequality can have on economic growth, much of the debate is on the adverse effects of high and rising income inequality on lowering economic growth rate, on limiting the pace of absolute poverty reduction, on engendering social unrest and political instabilities. The main concern of 'we are the 99 per cent' slogan is on the worsening income inequality between the working (and poor) class and the rich. The wave of protests and unrests that swept across the Middle East and North Africa since 2011 are due to the gross socioeconomic and political inequality perpetuated by long-entrenched 'elites' in power. Wilkinson and Pickett (2010) provide an abundance of evidence to show that income inequality dramatically has an impact on people's everyday lives: greater inequality seems to lead to general social dysfunction; homicide rates are lower and children experience less violence in more equal societies; people trust each other less in unequal societies; and less equal societies tend to do worse regarding health, education, and general well-being. Many leading economists regard growing income inequality as one of the main causes of financial crashes. For example, the IMF has published evidence that inequality led to huge debts behind the 2008 bank crisis. Thus, addressing income inequality is not only about achieving a more egalitarian distribution of income for the social cohesion and well-being of society, it is also necessary for a stable economy.
Rising income inequality is happening at a time that, following trade liberalization which most countries have embraced since the mid-1980s; most developing countries have increasingly integrated into the global trading system, with expectation of advancing their economic growth, raising their real per capita income, and reducing poverty. The entry of China and countries from the former Soviet bloc into the global economy has led to an unprecedented level of integration of the world's economy. While, as the result of trade openness most developing countries have achieved impressive economic growth, substantial poverty reduction has only occurred in a few regions-like East Asia. Poverty rates for most countries have fallen only modestly or even worsened, while income inequalities have seen worsening in most countries. Thus, the benefits of rising incomes and aggregate GDP growth rates associated with trade openness have not been shared equally across all segments of the population. This therefore is against one of the most accepted tenets of trade theory-the Stolper-Samuelson theorem (Stolper and Samuelson 1941) , that changes in exposure to international trade alter the demand for and returns to factors and the distribution of incomes within a country. Trade (as one component of globalization) is expected to affect the poor through two major channels: its contribution to growth and its impact on income distribution (inequality). In principle, any change in income (growth) can be decomposed into two components: the change in average income (capturing poverty) and the change in income distribution (capturing inequality). That is, poverty cannot change unless income changes on average (growth) or the distribution changes (inequality).
While trade openness is expected to affect economic growth positively, there is no particular reason to posit a clear relationship between trade (in particular export) and income inequality. Consequently, the main aim of this study is to establish if there is any evidence of a link between growth, trade (exports), and income inequality. First we test for the direct effects of trade (exports) and income inequality on growth, then condition on income inequality the effect of trade (exports) on growth. As income inequality can be considered a proxy for 'governance quality' we also test for a threshold in income inequality for the effect of trade (exports) on growth. 1
To assess and explore heterogeneity in these relationships, this study uses a recent large panel of more than 100 countries, and applies dynamic panel regression methods and Hansen's (2000) endogenous threshold regression technique to locate the thresholds. The paper is structured as follows. Section 2 summarizes both the theory and empirics on trade, growth, and inequality. Section 3 specifies the contingent and threshold models formally, outlines the methods used in their estimation and data sources. Section 4 provides descriptive statistics, focusing on the current patterns of income inequality, trade, and growth. Section 5 presents and discusses the empirical results on the existence of threshold and interaction effects in the trade-growth relationship given income inequality. Section 6 concludes and gives the implication of the study.
Trade, growth, and income inequality: theory and empirics
Acknowledging the large theoretical literature, we focus here on a brief review of empirical evidence on the relationship between: (i) trade and growth; (ii) trade and inequality; and (iii) growth and inequality.
Trade and growth
Many economists today assert that trade is good for economic growth; hence countries with fewer restrictions on trade experience faster economic growth than countries that heavily restrict trade. Besides the insights offered by neo-classical trade theory that, countries that differ in comparative advantage can benefit from trade by specializing in their areas of comparative advantage, in the form of resource endowments (as in the Hecksher-Ohlin model) or differences in technology (the Ricardian model) 2 ; both endogenous growth theory (Romer 1986; Lucas 1988) and new trade theory (Krugman 1980; Grossman and Helpman 1994) have provided a firm theoretical basis for linking openness to trade with long-run growth. Endogenous growth models show how deliberate investment decisions made by profit maximizing firms advance innovation, and as a result economic growth is accelerated by endogenous technological improvements. From these models, the main channels through which trade is expected to affect the overall growth rate are endogenous and dynamic in nature. These include: economies of scale (i.e. a greater exploitation of increasing return); importing ideas and diffusion of information, knowledge and benefit from better inputs and technology capacities from abroad; innovation, increased competition and thus efficiency; increased availability of capital; increased product variety; technological progress; institutional change, policies, and political process. Even though, theory does not predict a simple relationship between exposure to trade and growth. Skeptics of trade liberalization like Krugman (1994) and Rodrik (1995) argue that the effect of openness on growth is, at best, tenuous and at worst doubtful.
Huge empirical studies exist today that have looked at the effects of trade openness on economic growth, employing either ex ante modelling (such as CGE analysis) or ex post econometric analysis. The ex post econometric analysis (which is the focus of this study) distinguishes between individual country studies and cross-country studies. The former are the detailed multi-country studies of protectionist practices and liberalization episodes that have been useful in providing details on the way in which trade policies have affected economic performance. The latter are the cross-country regression studies which at identifying empirical regularities in the relationship between trade openness and growth, distinguishing those looking at trade performance (using outcome measures such as trade shares of GDP or indices of trade openness) from those looking at trade policy measures, such as average tariffs.
Overall, the literature identifies, on average, a positive cross-country correlation between trade and growth, although the relationship is not necessarily causal (Harrison 2006) . There is no robust evidence that trade liberalization impedes growth, instead, the overwhelming evidence supports the fact that trade openness promotes growth. Even though, cross-country regressions have come under severe criticism (Rodrik and Rodríguez 2001) . Results are more mixed when trade policy measures are used instead of outcome measures, as some find a significant negative relationship between tariff rates and growth for richer countries but a positive relationship for poorer countries (DeJong and Ripoll 2006; Ackah and Morrissey 2007) . Others find that the relationship between average tariffs or non-tariff barriers and economic growth varies according to the period covered. Recently, the emerging consensus is that the potential for trade to affect growth is contingent on various economic, social, political, institutional, and structural factors. Some studies specify the conditional relationship, whilst others test for the thresholds in these factors in determining the effect of trade on growth (Bhagwati and Srinivasan 2002; Rodrik and Rodríguez 2001; Foster 2008; Dufrenot et al. 2009 ). One such factor debated recently is the contingent effect of income inequality in the trade-growth relationship (the focus of this study).
Trade and income inequality
The traditional position in international trade on this issue is encapsulated in the Heckscher-Ohlin and Stolper-Samuelson theorems. In its simplest form this says that countries export goods intensive in their abundant factor, suggesting that the abundant factor should see an increase in its real income when a country opens up to trade. Krueger (1983) and Bhagwati and Srinivasan (2002) argue that, since developing countries are likely to have a comparative advantage in goods made with unskilled labour, trade should be pro-poor as it raises the incomes (wages) of unskilled labour in poor (unskilled-labour abundant) countries. For an advanced economy where high-skill factors are relatively abundant, the reverse would hold, with an increase in openness leading to higher inequality. However, most evidence suggests that the poor (or the unskilled) in developing countries are generally not better off following more than two decades of trade liberalization; in fact, most benefits, such as those captured by changes in relative wages or incomes, have accrued to labour with higher skills or education levels (Harrison 2006; Sala-i-Martin 2007; Goldberg and Pavcnik 2007) .
Researchers have sought to explain this apparent paradox with various suggestions for why we do not observe Stolper-Samuelson effects or more generally that increased trade is not associated with reduced income (wage) inequality. One extension is the increase in the skill premium and according to this the main contributing factor for widening wage gap between skilled and unskilled labour is an increase in the demand for skilled and well-educated workers. Hanson (1996, 2003) suggest that intermediate goods and outsourcing explain part of the observed increase in demand for skilled workers in both developed and developing countries. Hence, the Heckscher-Ohlin model is inconsistent with recent inequality experience around the world, not just related to the fact that inequality increased in developing countries, but also along multiple other dimensions: for example, factor reallocation seems to occur primarily within rather than across sectors (Berman et al. 1994) ; small change in the prices of unskilled goods relative to skilled goods accompany large changes in the skill premium (Lawrence and Slaughter 1993) . Recent theoretical and empirical studies try to rethink the effects of trade on inequality in the context of heterogeneous firms and provide quite different insights from those observed in the Heckscher-Ohlin model. The contributions here include Egger and Kreickemeier (2009), Verhoogen (2008) , and Yeaple (2005) .
As the theories are often in terms of endogenous technological change, skill-biased technological change is another explanation for increased demand for skilled labour and increases in skill premium due to the increase in capital flows and complementarity of capital with skilled labour. One explanation of how the spread of technology may affect inequality is that technology may increase capital intensity in production, thereby increasing the returns to capital and the relative income of capital owners (Krusell et al. 2000) . Any empirical estimation of the overall effects of globalization therefore needs to explicitly account for changes in technology in countries, in addition to standard trade-related variables. Openness to trade is also expected to affect labour income through transitional unemployment; industry wage; uncertainty and labour market standards. It should be noted therefore that the link between trade openness skill-biased technological change and income inequality operate through labour income.
Much of the empirical evidence linked between trade openness and income distributions has been either on cross-country regressions or country case studies. While cross-country regressions are based on aggregate data, some case studies are based on aggregate while others on micro data. Harrison (2006) and Sala-i-Martin (2007) summarize the cross-country empirical evidence, while Pavcnick (2004, 2007) review country case studies. For most of the channels reviewed they found empirical evidence that suggests that trade openness has been associated with increasing inequality in developing countries. Easterly (2007) and Milanovic and Squire (2004) on their study found that increasing trade openness is associated with falling inequality within developed countries and greater inequality within developing countries. A couple of studies, more recently, have looked at the complex relationship among globalization (trade openness, financial liberalization, and technology), growth, income distribution, and poverty. Some of the findings are: whereas trade globalization is associated with a reduction in inequality, financial (foreign direct investment in particular) and technology globalization is associated with an increase in inequality, and that there is a conditional relationship between trade openness and inequality (Jaumotte et al. 2013; Lee 2014) . Kuznets (1955) was the first to articulate the mechanism by which growth affects income inequality; inequality tends to rise in the early stages of economic development and then fall, hence the inverted U-shape hypothesis. Kuznet composed data from three developed countries-USA, Germany, and the UK and according to his hypothesis, income inequality increases in the initial phase of development and then decreases in the course of development. Though early cross-country studies gave strong support to this hypothesis, recent studies have called these findings into question. As a result there are different channels through which income inequality affects growth rates. Kaldor (1956) suggests that marginal propensity to save is higher for the rich than that of the poor, implying that a higher degree of inequality will yield higher aggregate savings, higher capital accumulation, and growth. Saint-Paul and Verdier (1993) argue that in more unequal societies, the median voter will elect a higher rate of taxation to finance public education, which will increase aggregate human capital and economic growth. In contrast, Persson and Tabellini (1994) and Alenia and Rodrik (1994) emphasize the four main channels through which income inequality lowers growth rates. First, the impact of inequality on encouraging rent-seeking activities that reduce the security of property rights; second, unequal societies face more difficulties in collective action-possibly reflected in political instability, a propensity for populist redistributive policies, or greater volatility in policies-all of which can lower growth; third, the median voter in a more unequal society is relatively poorer and favours a higher (and thus more inefficient) tax burden; fourth, to the extent that inequality in income or assets co-exists with imperfect credit markets, poorer people may be unable to invest in their human and physical capital, with adverse consequences for long-run growth. Because of these different channels, empirical studies on the effect of income inequality on economic growth have yielded different results, resulting in three main positions.
Growth and income inequality
In the first group, Deininger and Squire (1996) using the data for 108 countries over the period 1960-74, found no systematic relationship between growth and changes in aggregate inequality.
The simple relationship between current as well as lagged income growth and the change in the Gini coefficient is insignificant for the whole sample, as well as for subsamples defined in terms of country characteristics like rich or poor, equal or unequal, fast-growing or slow-growing economies, suggesting no strong relationship between growth and changes in aggregate inequality. Similar results seen also by Lee and Roemer (1998) , Castelló and Domenech (2002) , and Panizza (2002) who find no correlation or inconclusive evidence of any correlation between inequality and economic growth.
The second group found positive relationship between inequality and growth- Kaldor (1956) , Partridge (1997) , Forbes (2000) , Garbis (2005) , and Nahum (2005) found that inequality does lead to growth. While finding a positive effect, Banerjee and Duflo (2003) , Pagano (2004) , Voitchovsky (2005) , Barro (2008) , and Castelló-Climent (2010) propose a sign changing nonlinear relationship.
The third group of studies, which is also a dominant view today, found a negative relationship between growth and inequality. The argument in this group is that inequality is not a final outcome of growth but plays a central role in determining the rate and pattern of growth (Bourguignon 2004 ). According to the results of Galor and Zeira (1993) , Perotti (1996) , Persson and Tabellini (1994) , Alesina and Rodrik (1994) , Clarke (1995) , Birdsall et al. (1995) , Alesina and Perotti (1996) , Castelló-Climent (2010) , Knowles (2005) , Davis (2007) , and Pede et al. (2009) , initial inequality seems to be empirically associated with lower growth rates.
More recently, findings that inequality is damaging to economic growth are also supported by the IMF, who argued that countries with high levels of inequality suffered lower growth than nations that distributed incomes more evenly. IMF findings warned that inequality can also make growth more volatile and create the unstable conditions for a sudden slowdown in GDP growth. Further, analysis of various efforts to redistribute incomes showed they had a neutral effect on GDP growth (Ostry et al. 2014 ). Ncube et al. (2013) also investigated the effect of income inequality on economic growth and poverty in the Middle East and North Africa (MENA) and their empirical results showed that income inequality reduces economic growth and increases poverty in the region.
Empirical and threshold-interaction effect model

Model specification
To explore the empirical pattern in the data, in addition to descriptive statistics that analyse the recent patterns and trends, this section provides the empirical specification to investigate and assess any evidence of a link between growth, exports, and inequality. As there is no particular reason to posit a clear relationship between trade (exports), and inequality, and as inequality can be considered a proxy for 'governance quality', we also test for a threshold in inequality for the effect of trade (exports) on growth. To estimate the effects of trade on growth given inequality, we need first to consider the direct effects of inequality on growth and then that of trade on growth. Following the work by Levine and Renelt (1992) and endogenous growth theory of Romer (1986 Romer ( , 1990 and Lucas (1988) , there is an agreement that growth models should control for: initial per capita GDP, physical capital, human capital, and population growth. This is because the ultimate drivers of per capita growth are technological progress and per capita growth of human and physical capital. Thus, in a standard growth specification, economic growth is regressed on this set of control variables. Hence, our reduced form model follows the specification of Barro (1991) and Mankiw et al. (1992) with a general representation:
where it y is the growth rate of real GDP per capita. it x is a vector of explanatory variables mentioned above: ln it GDPO -initial income measured as log of real GDP per capita; often used to capture conditional convergence, as per capita growth rate is expected to be inversely related to the starting level of income per capita (but this may also capture country-specific effects). it SEC -secondary school enrolment (per cent gross), either initial or the average, is used to proxy human capital. it INV -gross capital formation (per cent of GDP), measures physical capital, which enlarges the economy's capacity to produce. By controlling for human and physical capital both of which are considered a positive factor in stimulating economic growth, this specification is implicitly assuming that trade and inequality affects growth only through total factor productivity (TFP) and not through factor accumulation. it POPNGR -population growth (annual per cent), as growth theories are formulated in per capita (or labour) terms, population is a core variable and is expected to be negative.
As noted previously, our empirical model for growth is that trade (and income inequality) exert direct as well as conditional effects on growth. Hence the variables of specific interest in our analysis, denoted by it s , are trade and income inequality, which can have direct impacts on growth ( it y ). Two measures of trade openness are considered: exports over GDP ( it XGDP ), and trade over GDP ( it TRADE ), (i.e. exports plus imports over GDP). We expect trade and especially exports to have a positive sign, implying that trade openness is good for growth. Income inequality is measured by Gini index ( it GINI -a measure of inequality between 0 (everyone has the same income) and 100 (richest person has all the income)). From the theoretical and empirical literature, effects of income inequality on growth are inconclusive, some studies have found negative results, others positive, and there are those which have found no significant correlation.
Though trade is expected to advance economic growth, the effect of trade on inequality, just as of inequality on growth, is indeterminate. Theory and empirical evidence have shown that trade can raise per capita income and reduce inequality, especially in the developing world (Stolper-Samuelson theorem) . Alternatively, by increasing the skill premium, trade can increase income inequality, especially in advanced economies. Trade can also increase inequality both in developed and developing economies due to technology bias. Thus, one can hypothesize in this subtle interrelationship that if trade advances economic growth and at the same time reduces income inequality while income inequality increases growth, then the overall effects of trade on growth would be positive. In another case, even if trade advances economic growth but at the same time increases income inequality, and inequality reduces economic growth, then the overall effect of trade on growth is indeterminate. To allow for such heterogeneity in the tradeinequality-growth relationship we allow for interaction effects (i.e. the effect of trade on growth given inequality). The contingent model (linear interaction effects) specification becomes:
is the interaction terms between inequality and trade or and export
).
Furthermore, trade might affect growth differently depending on the different levels of income inequality. For example, while many East Asian economies had relatively low levels of inequality and grew at unprecedented rates, many Latin American countries had significantly higher levels of inequality and grew at a fraction of the average of East Asian rate. This contingent relationship may be non-linear in nature, as trade affects growth differently given different levels (thresholds) of prior factors (inequality). Traditionally the strategy to allow for this is to model the simple product terms in a polynomial regression by calculating the square of the mediating variables, i.e. inequality. This is the quadratic interaction effect model. Another approach is arbitrarily exogenous sample splitting done in a number of studies. Unlike previous studies, we adopt a more formal approach to the modelling of heterogeneity in the trade-inequality-growth relationship.
Given our prior assumption that the effects of trade openness on growth differ across countries based on the countries' level of income inequality, the relationship is discrete in nature. We do not know, however, how the coefficients on the openness variables vary with different income inequality levels. In light of this, we formally apply the endogenous threshold regression technique of Hansen (2000) to estimate the thresholds or cut-off values and the level of confidence we can attach to the position of the threshold to make valid statistical inferences. To allow for non-linearity due to thresholds, Equation (2) is extended to the Hansen's (2000) endogenous threshold regression sample splitting specifications that are non-linear in two regime threshold regression as:
as before it y is growth rate and ) , , 1 (
is a vector of explanatory variables, including both thresholds. The corresponding coefficient vector , ,
where j=1, 2 and i q is the indicator function used to sort the data into different regimes or groups. The threshold parameter is    , where  strict subset of the support of is i q . This model, which also contains an unobservable country-specific effect i  and time effect t  , permits the regression parameters ( 1  and 2  ) to switch between regimes depending on whether i q is smaller or larger than the (unknown) threshold value ( ). And the threshold regression model can be described as captured by either of the single threshold variables, where in Equation (4) inequality is the threshold identifying variable:
is the indicator function used to sort the data;  is the threshold value; this specification also contains an unobservable country-specific effect i  and time effect t  . it x as before is a vector of explanatory variables, including the threshold.
Estimation methods
To explore heterogeneity in the trade-inequality-growth relationship we estimate variants of the equations derived above: baseline model, linear interaction (contingent) model and non-linear interaction (thresholds) models. There are a number of econometric difficulties to consider here, as estimating Equations (1) to (2) could be biased for a number of reasons. First, difficulties in measuring trade and inequality; even simple measures like exports suffer from the fact that both are determined simultaneously with other variables (especially GDP) so there is a potential simultaneity bias. Measuring inequality is not without challenges, should it be based on consumption or income measures, or other measures of inequality other than income inequality (Deaton 2003; Ravallion 2004) . 3 Omitted variables bias such as unobserved country-specific effects is another problem, and the potential endogeneity of trade and trade policy besides the persistence in series must also be allowed for.
To allow for most of these econometrics difficulties, that is measurement errors in variables, omitted variable biases, simultaneity biases, and any endogeneity due to any factor, we adopt the standard estimators. First we run the regression using simple pooled ordinary least squares (OLS), but this does not allow for individual country heterogeneity and time effects. To allow for both of these, we explore Fixed Effects (FE) and Random Effects (RE). With panel data, the FE or RE estimator has the ability to control for both unobserved country-specific and time effects, which could be correlated with observed regressors, thus ensuring consistent and unbiased estimation for our parameters of interest. In this study we adopt RE estimators based not on the Hausman test but on the fact that some of the variables in our specification, such as initial level of development or region dummies, are fixed in nature and using FE omits them automatically (Baltagi 2001; Hsiao 1986 ).
More critically, variables such as trade openness and investment are more likely to be endogenous due to simultaneity bias and persistence in series, calling for the use of instrument variables (IV); but getting credible IV is difficult, giving rise to the problems involved with weak instruments. Further, evidence shows that dynamic adjustments are quantitatively very important in studies related to growth. To address these concerns studies typically estimate a dynamic panel specification with growth and all variables averaged over five-year sub-periods to reduce large variations in the data and the effects of business cycles, hence our panel model is dynamic in nature and thus becomes:
is lagged dependent variable, the dynamic component (captured by the variable ln it GDPO ). Once we introduce the dynamic element in the relationship as is the case with Equation (5), the standard unbiasedness and consistency results underlying OLS and FE/RE models no longer apply. A different technique is required to overcome all these difficulties. As noted, one way to address problems of endogeneity is to use instrumental variables (IV). To combine the instruments in an efficient way, Arellano and Bond (1991) propose the use of Hansen's (1982) Generalized Method of Moments (GMM), which is computed in two steps. Thus, among the alternative set of instruments, a GMM estimator is an IV estimator that uses lagged information optimally to account for the serial correlation among the disturbances caused by the dynamic (Holtz-Eakin et al. 1988; Arellano and Bond 1991; Arellano and Bover 1995; Blundell and Bond 1998) . The gain in efficiency from GMM is considerable, and it is for this reason system GMM is our preferred estimator, as it addresses problems of measurement errors, omitted variables bias, persistence in series, and endogeneity (Blundell and Bond 1998) . For comparison purposes we estimate the base model and linear interaction (contingent relationship) model using pooled OLS, FE/RE, and system GMM estimators.
The non-linear interaction model, as specified in Equations (3) and (4), is estimated by applying the Hansen's (2000) endogenous threshold regression technique that locates the thresholds, tests for their significance and constructs their confidence intervals. In doing so, three procedures are followed. In the first step, we follow Hansen (2000) to eliminate the individual effects in our model. Then the threshold value and the slope parameters are jointly determined after the transformations. This is done by applying the algorithm provided by Hansen (2000) that searches over values for  sequentially until sample splitting value ˆ is found (i.e. least squares estimations through the procedure of minimizing the concentrated sum of square errors, as recommended by Chan (1993) and Hansen (2000) . Once we find a threshold (i.e. 2 1    ), the last step is to construct confidence intervals for the threshold value and slope coefficient. We test the null hypothesis: . This enables us to attach a degree of certainty as to the threshold for a country with a given level of income inequality. Under normality, the likelihood ratio test statistic is commonly used to test for particular parametric values. Hansen (2000) proves that when the endogenous sample-splitting procedure is employed, ) ( n LR does not have a standard 2  distribution, so derives the correct distribution function and provides a table of the appropriate asymptotic critical values. 4 The null hypothesis is rejected if the likelihood ratio test statistic exceeds the desired critical value (we want them to be reasonably small). After the confidence interval for the threshold value is obtained, the corresponding confidence interval for the slope coefficient can also be easily determined because the slope coefficient and the threshold value are jointly determined. Equations (3) and (4) assume that there exist only single thresholds; similar procedures can be conducted to deal with the case of multiple thresholds. This possibility of existence of more than one threshold represents another advantage of this method over the traditional approaches, which allow for only a single threshold. We allow for the possibility of multiple thresholds in our estimation.
Data sources and descriptions
The sources for most of the data and definitions used in this study are provided in Appendix Table A .2. Most data come from World Bank World Development Indicators, with the income inequality and poverty for developing and emerging economies from World Bank PovCal database, and for advanced economies from the LIS database. Both of these inequality databases allow more within and across country comparisons than available elsewhere. Appendix Tables A.3 and A.4 give both summary statistics and correlation matrix. Descriptive statistics that include data plotting and data analysis are in Section 4.
Trends and patterns in income inequality, trade, growth, and poverty
Appendix Table A .5 summarizes the trends in the main variables (inequality, trade, growth, and poverty) for each region, between 1980 and 2010. East Asia that have achieved the highest GDP growth rate, on average 7 per cent per annum compared to other regions, have also experienced a huge poverty reduction over the past 30 years; from 77.7 per cent at the end of the 1970s to 12.8 per cent at the end of the 2000s. South Asia, which grew on average at the same rate as East Asia (6 per cent per annum), has only seen a modest fall in poverty, from 59.4 per cent to 50.8 per cent in the same period. Those regions which experienced low GDP growth rate such as MENA, Latin America, sub-Saharan Africa (SSA), and OECD countries, have seen no significant fall (and sometimes worsening) in levels of poverty rate. For example, Latin America, as it is for SSA, which on average has been growing at 3 per cent has experienced persistent levels of poverty of around 10 per cent, fell from 12.8 per cent at the end of the 1970s to 7 per cent at the end of the 2000s. SSA, the most poorly performing region, despite the recent good economic growth rate, has experienced a persistent high level of poverty rate of around 55.5 per cent, with poverty falling from 53.4 per cent at the end of the 1970s to 47.5 per cent at the end of the 2000s. MENA, which had the lowest poverty rate from the beginning and experienced low growth rate, on average around 3 per cent per annum, has seen reasonable poverty reduction from 7.9 per cent at the end of the 1970s to 3.6 per cent at the end of the 2000s (things might have reversed recently following the Arab spring). OECD countries in contrast, experienced low growth rate and poverty has slightly worsened, from 16 per cent at the end of the 1970s to 20 per cent at the end of the 2000s (the recent economic and financial turmoil are partly to blame). Exports and trade as share of GDP have increased significantly during this period for all of the six regions.
Though most regions have experienced high economic growth rates, a significant rise in the share of trade (exports) to GDP, few regions have experienced a significant reduction in poverty, income inequality has worsened for most country groups. As shown, both in Figures 1.A-D and Appendix Table A .5, income inequality has risen in most income groups from the 1980s to 2000s. However, it has risen much more in the high-income countries, both in OECD (from 27 to 37 per cent) and non-OECD (from 24 to 45 per cent), so are the upper and lower middleincome countries (see Figure 1 .A). There is a slight fall in income inequality for low-income countries. Nearly, the same pattern is observed in Figure 1 .B when we group countries by regions, with some regions like East Asia expiring falling and rising inequality, South Asia and SSA experiencing a slight rise in income inequality, MENA have seen a fall, and Latin America have retained high levels of income inequality.
When we decompose the entire sample into individual countries, a mixed picture emerged. Much as there are many countries that have experienced a significant rise in income inequality, especially in the advanced economies, there are those which have not and others which have experienced falls in income in inequality. Some countries in advanced economies that include the To get the feel of our sample data, we plot, summarize, and explore correlations among the key variables as shown in Appendix Tables A.3 Gini index trade, inequality, and growth potentially suffers from omitted variables that are due to differences across countries but constant over time (i.e. fixed effects) and those which are fixed across countries but vary over time (i.e. between effects). Second, variables like lnGDPO are effectively fixed, so when the FE model is used these are dropped. Hence, RE is used as a weighted average of fixed and between effects. Any effect that appears to be country-specific is captured by RE. The SYSGMM estimator is our preferred technique because, besides controlling for measurement errors, heterogeneity, and endogeneity biases that are inherent in our covariates, it also addresses the persistence in our panel series. Notes: Figures in parentheses are t-ratios: *** denotes significant at 1%, ** significant at 5%, and * significant at 10%. The F-test supports the hypothesis that all coefficients are jointly significant (i.e. rejects the null that all are zero). The Breusch Pagan (BP) heteroscedasticity test reveals no evidence of heteroscedasticity, as we reject the null hypothesis and conclude that RE is appropriate. To evaluate whether our models are correctly specified and whether our instruments are valid, we use two criteria: the test for first/second order serial correlation of the residual in differenced equation ((AR (1)/m1 and AR (2)/m2). The former is the Sargan/Hansen test for overidentifying restrictions, which, under the null of instrument validity, is asymptotically distributed as a chi-square with degrees of freedom equal to the number of instruments less the number of parameters. If the model is correctly specified, the variables in the instrument set should be uncorrelated with the idiosyncratic component of the error term it  . The AR (2)/m2 test is asymptotically distributed as a standard normal under the null of no second-order serial correlation, and provides a further check on the specification of the model and on the legitimacy of variables dated t-2 as instruments. In order for the instruments to be acceptable, the p-values for the Sargan test and the AR (2)/m2 test should both be greater than 0.05.The AR (1)/m1 test is asymptotically distributed as a standard normal under the null of no first-order serial correlation. According to Arrelano and Bond (1991) , the GMM estimator requires that there is first-order serial correlation (AR (1)/m1) but no second-order serial correlation (AR (2)/m2) in the residuals; hence the p-values for the AR (1)/m1 test should be less than 0.05. All support the fact that these models are correctly specified.
Source: Author's estimation based on the PovCal (World Bank), LIS (Luxembourg Income Study), and WDI (World Bank) databases.
The coefficient on initial income, which captures both country-specific effects and conditional convergence, is negative and significant, implying that poor countries are catching up with rich ones. Secondary education and investment are good for economic growth as expected, as their coefficients are positive and statistically significant for all three estimators. As expected, the coefficient on population growth is negative and statistically significant, implying that population growth is bad for economic growth. Our baseline empirical model therefore behaves as what found in many other empirical studies.
Given rising income inequality, even in the emerging and developing economies, most of which have been experiencing high economic growth over the past two decades, we introduce income inequality in the baseline regression model, Column 4-6 (Table 1) . Though some studies have found positive significant effects and others no effects, like a good number of other studies, this study finds negative significant effects of inequality on economic growth, suggesting that rising income inequality is bad for economic growth, both in advanced and developing economies. The findings that inequality is damaging to economic growth are also supported by the IMF, who argued that countries with high levels of inequality suffered lower growth than nations that distributed incomes more evenly. Further, one of the IMF publication (Ostry et al. 2014) warned that inequality can also make growth more volatile and create the unstable conditions for a sudden slowdown in GDP growth. According to Ostry et al. (2014) , analysis of various efforts to redistribute incomes showed a neutral effect on GDP growth. Ncube et al. (2013) also investigated the effect of income inequality on economic growth and poverty in the MENA region and their empirical results showed that income inequality reduces economic growth and increases poverty in the region.
As the focus of this study is also on the effects of exports and trade on economic growth conditional on levels of income inequality, we first test for the direct effects of trade openness on economic growth. As shown in Appendix Table B.1 and Table 2 , as in many other empirical studies, openness to trade does advance economic growth. There are however, no particular reasons to posit a clear relationship between exports (trade) and income inequality. More recently, a couple of studies have looked at the complex nexus among globalization (trade openness, financial liberalization, and technology), growth, income distribution, and poverty. Some of the findings are: whereas trade globalization in term of trade openness is associated with a reduction in inequality, financial, and technological globalization are associated with an increase in inequality, and that there is a conditional relationship between trade openness and inequality (Jaumotte et al. 2013; Lee 2014) . The correlation matrix in this study shows that exports reduce inequality while trade increases it. 
Linear interaction effects
Assuming that the effect of trade (exports) on economic growth varies depending on the level of inequality, we hypothesize that the relationship between trade (exports) and growth is moderated by the level of income distribution. The most common approach is to use the simple product term (traditional product term). Thus, our reduced form specification uses product terms to allow for interaction effects, where inequality is embedded as a variable that mediates the relationships between trade and economic growth. To estimate the simple interaction effect of model 2 and ensure a meaningful interpretation, we transformed our mediating variable inequality. This is done by mean centring inequality to create a new scale for our mediating variable. Then we re-estimate the traditional product term of model 2 with its transformed mediating variables such that our coefficient of interest  is the predicted effects of trade on growth when income inequality equals its sample mean. This is the marginal impact of trade on growth, which can be derived from Equation (2) as: Table 3 presents the linear interaction effects between exports and inequality in Columns 1-3, and trade and inequality in Columns 4-6, allowing for the effects of exports (trade) on growth conditional on inequality. The interaction effects are treated in a similar way for GMM and RE as for the OLS estimator. The fact that the coefficient on exports and trade are negative and statistically significant, while that of interaction effects is positive and statistically significant, implies that trade openness measures lower economic growth at higher values of income inequality. This suggests that, the beneficial impacts of increased trade openness on economy are lower when the values of income inequality are higher, and the opposite holds. In other words, more openness results in a lower growth rate when inequality is higher. These results are, however, sensitive to the size of the sample used, when allowing for outliers in the sample, as shown in Appendix Table B .2. The positive and to a less extent significant effect of trade openness' measures on growth given inequality, while their interaction effects are positive and statistically significant seem to suggest that rising income inequality tends to lower economic growth. But at the same time, as found in some latest empirical studies, trade openness also lowers income inequality (Jaumotte et al. 2013; Lee 2014) such that its effects on growth given inequality will be positive; since on one hand it will be enhancing economic growth while at the another hand it will be reducing income inequality. 
Allowing for non-linear interaction effects
Important in here to note that the traditional product term test only for a bilinear interaction effects and failure to obtain a statistically significant interaction effects may signal the presence of an alternative function form. Thus, in addition, trade affects economic growth differently given the different level of income inequality. For that reason, linear interaction terms used above may be miss-specified so we now employ the Hansen (2000) endogenous threshold regression technique. Here we are treating GINI as the threshold identifying variable for XGDP in Figure  2 .A (the same has been done for TRADE in Figure 2 .B), that is, we search for a threshold where the relationship between GINI and XGD or TRADE changes (previously we conditioned the interaction on the mean value of GINI so in effect we are refining that decision).
Using inequality as our identifying variable in the trade-growth relationship and applying Hansen's technique, many cut-off points are identified. But only two breaks at the 45th percentile (when the focus is on exports, as shown in Figure 2 .A) and 95th percentile (when the focus is on trade, as shown in Figure 2 .B) are significant. Denoting the percentiles of inequality to exports (or trade)(XGDP/TRADE) by , the 95 per cent confidence interval for the threshold estimates is obtained by plotting the likelihood ratio sequence in , ) ( n LR , against and drawing a flat line at the critical value (e.g. the 95 per cent critical value is 7.35). The segments of the curve that lie below the flat line are the 'no rejection region', that is the confidence interval of the threshold estimate. Since only a small portion lies in the 'no rejection region', these thresholds are significant. Other cut-off values are either marginally significant or insignificant; the 95 per cent confidence intervals for those thresholds are wide and encompass most of the region below the flat line at the critical value. As a result we are less sure in these cases as to where the 'true' value at which the break-point in parameter lies. We consider the effect of the significant threshold in Table 4 for when the inequality is below the threshold of 45 percentiles in Table 5 , for when inequality is above the threshold of 45 percentiles, both for exports and trade. Table 4 reports the results for effect of XGDP in Columns 1-3 and for TRADE in Columns 4-6 on GROWTH given that GINI is below the threshold value (45th percentile). As what envisaged, low-income inequality is good for economic growth as the regression coefficient on inequality is positive and statistically significant for most specification while their interaction effects with trade openness measures is negative and statically significant for the GMM estimator. The results are corroborated when we replicate the same specifications where GINI>45percentile in Table 5 . The GINI coefficient now has turned from positive to negative and most are significant, while their interaction effects are positive and statically significant for the GMM estimator. Implying that rising income inequality is bad for economic growth and that dampen the positive effects of trade openness on economic growth. 
Summary and implications
Following the recent rise in income inequality in advanced, emerging, and developing economies, the key question has been on what has been the role of trade and growth on all this. That is, what are the distribution effects of trade openness and economic growth? Thus, besides reviewing the latest literature and explore the patterns and trends in data with regard to income inequality, trade, and growth, this study sets out to examine and asses evidence of a link between growth, trade (exports), and income inequality. While there is no particular reason to posit a clear relationship between trade (exports) and inequality, and as inequality can be considered a proxy for the 'governance quality' it also tests for a threshold in inequality for the effect of trade (exports) on growth. This is done using a large panel of 100 countries over 30 years (1980 to 2010) and applies standard econometric techniques that address most of the econometric problems and the Hansen (2000) endogenous threshold regression technique that locates the thresholds in data, tests for their significance and constructs their confidence intervals.
Like most of the latest studies that have looked at the complex relationship between trade openness, growth, and income distribution, this study finds that, though trade openness advances economic growth, on the contrary income inequality reduces economic growth. Conditional on the level of income distribution, trade openness advances economic growth at either higher or low level of income inequality. There is as well a threshold on which income inequality, and the trade openness contingent on income inequality, is good for economic growth and the opposite is also true. The key implications of these findings are that inequality is damaging to economic growth and dampens the positive effects of trade openness on growth; so various efforts need to be taken to redistribute incomes, to ensure sustainable and inclusive growth that is poverty reducing both in advanced and developing economies. (13.199) 
